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Abstract: The research on project learning has recognised the significance of knowledge transfer in project 
based organisations (PBOs). Effective knowledge transfer across projects avoids reinventions, enhances 
knowledge creation and saves lots of time that is crucial in project environment. In order to facilitate knowledge 
transfer, many PBOs have invested lots of financial and human resources to implement IT-based knowledge 
repository. However, some empirical studies found that employees would rather turn for knowledge to colleagues 
despite their ready access to  IT-based knowledge repository. Therefore, it is apparent that social networks play a 
pivotal role in the knowledge transfer across projects. Some scholars attempt to explore the effect of network 
structure on knowledge transfer and performance, however, focused only on egocentric networks and the groups’ 
internal social networks. It has been found that  the project’s external social network is also critical, in that the 
team members can not handle critical situations and accomplish the projects on time without the assistance and 
knowledge from external sources. To date, the influence of the structure of a project team’s internal and external 
social networks on project performance, and the interrelation between both networks are barely known. In order 
to obtain such knowledge, this paper explores the interrelation between the structure of a project team’s internal 
and external social networks, and their effect on the project team’s performance. Data is gathered through survey 
questionnaire distributed online to respondents. Collected data is analysed applying social network analysis 
(SNA) tools and SPSS. The theoretical contribution of this paper is the knowledge of the interrelation between the 
structure of a project team’s internal and external social networks and their influence on the project team’s 
performance. The practical contribution lies in the guideline to be proposed for constructing the structure of 
project team’s internal and external social networks.    
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1. Introduction 
It has been generally realized that knowledge from one project is valuable and can be reused in other 
projects (Baccarini 1999; Bower and Walker 2007; Kotnour 1999; Schindler and Eppler 2003). In 
order to capture, store knowledge and facilitate knowledge transfer across projects, many project-
based organizations (PBOs) have invested certain financial and human resources to implement IT-
based knowledge repository. Some empirical findings, however, suggest that these knowledge 
repositories can hardly meet the investors’ expectations. Pelz and Andrews (1966), Mintzberg (1973), 
and Allen (1977) indicate that people prefer to turn to other people rather than documents for 
information. More recently, the same tendency has been found even for people with ready access to 
the Internet and their firm’s IT-based knowledge repository (Cross and Sproull 2004). The limited use 
of IT-based strategies and the importance of social networks for cross-project knowledge transfer 
have also been found by others (e.g.Keegan and Turner 2001; Newell et al. 2006;). It is then apparent 
that social network plays a pivotal role in the knowledge transfer across projects (Newell et al. 
2006;Turner and Keegan 2000).  
 
The study on the structure of social networks and its consequences has attracted many researchers. 
Some of them  focus on the level of egocentric networks. Granovetter (1973) demonstrates actors 
who develop ties with disconnected groups gain access to a broader array of ideas and opportunities 
than those who are restricted to a single one. The structural position conveys certain advantages to 
ego (Burt 1992), and people with networks rich in structural holes are more likely to be promoted early, 
enjoy greater career mobility and adapt to changing environments more successfully (Burt 1992; 
Podolny and Baron 1997; Gargiulo and Benassi 2000).  
 
Some researchers concentrate on the level of the bounded networks of project groups or within an 
organization. Brass (1984) argues that centrality in an informal communication network is associated 
with promotion while Mehra, Kilduff and Brass (2001) show that, in a hign-technology company, 
centrality in a workflow network is positively related to supervisor ratings. Through the closure 
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mechanism, group members connected by strong relationship ties benefit from embedded and dense 
networks in their closed group (Coleman 1988, 1990), and more bounded solidarity, stronger 
reciprocity norms, greater trust, and sanctions against self-serving behaviours are expected 
(Granovetter 1985; Krackhardt 1999; Portes and Sensenbrenner 1993). Social capital diminishes the 
probability of opportunism, reduces the need for costly monitoring, and transaction costs, and results 
in benefits for all group members (Seers 1989; Uzzi 1997). There are positive relationships between 
group closure and performance (e.g., Reagans and Zuckerman 2001; Sparrowe, Liden, Wayne and 
Kraimer 2001); however, closed networks might also have “unintended consequences” on 
performance if they result in comfortable or validating interactions but not the most relevant 
knowledge for the task at hand (Erickson 1988; Mizruchi and Stearns 2001). On the other hand, there 
are negative relationship between core-periphery and hierarchical group structures and performance 
(Cummings and Cross 2003). Reagons and McEvily (2003) argue both social cohesion and network 
range ease knowledge transfer. Ingram and Roberts (2000) describe how dense friendship networks 
affected the performance of Sydney hotels.  
 
As can be seen that many attentions have been laid on the groups’ internal social networks, but few 
studies have examined the effects of groups’ external social networks. Although Oh et al. (2004) 
explore the influence of intra-group closure relationships and intergroup relationships separately; 
there is still lack of knowledge about the interrelation between a group’s internal network and external 
network and both networks’ effect on the group’s performance. This paper hypothesizes that a project 
team’s internal network mediates the effect of the project team’s external network on the project 
team’s performance, and aims to test this hypothesis.  To achieve that, the paper is organized as 
follows: section 2 discusses the proposed theoretical model of associations among the structure of a 
project team’s internal and external networks and performance; section 3 describes the research 
methods including data collection techniques, questionnaire and the independent, dependent, control 
variables; and section 4 summarises the preliminary conclusion.  
2. Theoretical model 
Building on work by Bavelas (1950), Leavitt (1951) and Guetzkow and Simon (1955) show that 
“communication nets” with centralized structures (e.g. wheel) improved the diffusion of information in 
simple tasks. On the other hand, decentralized structures (e.g. circle) delayed the diffusion of 
information. Groups with decentralized communication nets took less time to finish complex tasks 
than groups with centralized communication nets (Shaw 1964). Network density and network 
heterogeneity have positive effect on R&D teams’ performance (Reagans and Zuckerman 2001). 
Core-periphery and hierarchical project team structures are negatively associated with teams’ 
performance (Cummings and Cross 2003). In addition to the focus on the groups’ internal network, 
the connections to contactors outside the groups are also critical determinants of the groups’ social 
capital resources, and ultimately of groups’ effectiveness (Ancona 1990; Geletkanycz and Hambrick 
1997; Gruenfeld et al. 2000; Tushman 1977). Ties to those higher in the organization might be 
valuable because superiors provide experience, novel information and legitimation (Galbraith 1973; 
Brass 1984; Stevenson and Gilly 1991); and ties to those in other functions might be valuable 
because they yield unique, project-relevant knowledge (Szulanski 1996; Hansen 1999). Ancona (1993) 
asserts that a group needs to manage relationships with other groups and external members in the 
organization to pull in important informational and political resources to improve effectiveness. 
Brookes et al, (2007) argue that teams have to communicate with external stakeholders as these 
stakeholders had information or resources that were critical to the task and unavailable to the team in 
any other way. The social capital embodied in the development of managerial social networks and 
ties with external entities affects an organization’s competitive advantage and performance (Burt 1997; 
Peng and Luo 2000). The valuable information, knowledge and other advantages acquired from the 
group’s external social network could be utilized effectively and efficiently only if the members of the 
group cooperate closely. Consistent with these findings, the effect of interactions with outside social 
networks on a project team’s performance is suggested to be moderated by the structure of its 
internal social network, and stated formally as following: 
 Hypothesis 1: the number of a project team's external connections is more strongly correlated 
with the team's performance when the team's internal social network is denser; 
 Hypothesis 2: the number of a project team's external connections is more strongly correlated 
with the team's performance when the team's internal social network is more structurally diverse; 
 Hypothesis 3: the diversity of a project team's external connections is more strongly correlated 
with the team's performance when the team's internal social network is denser; 
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 Hypothesis 4: the diversity of a project team's external connections is more strongly correlated 
with the team's performance when the team's internal social network is more structurally diverse; 
Figure 1 illustrates the framework of the theoretical model.  
+      
+      
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Figure 1: Interrelations among the project team’s performance, internal network and external network 
3. Research methods 
3.1 Data collection techniques 
There are generally two techniques to collect network data (Wasserman and Faust 1994). One is 
sociometric techniques, which provide each respondent with a fixed contact roster and ask him or her 
to describe his or her relationship with every individual on the roster. A virtue of the sociometric 
approach is that it provides information on all interactions inside a network. The technique, however, 
can also introduce inaccuracies into network data. Defining an appropriate boundary around the 
network, the set of individuals who are interconnected, is critical (Laumann and Marsden 1983). To 
the extent that the network boundary varies from one person to the next, asking each respondent to 
report on connections that lie outside his or her frame of reference can be problematic. Individuals 
provide more accurate network data on that part of the network with which they are more familiar 
(Kumbasar et al. 1994), but their assessment of network connections involving distant individuals is 
less accurate (Krackhardt and Kilduff 1999). The other is egocentric techniques. Each individual 
response to a series of questions that generate names resulting in a roster of contacts. Next, the 
respondent describes the relationship with each cited contact. In some applications of egocentric 
techniques, respondents are asked to describe the relationships among their contacts. A virtue of the 
egocentric technique is that it asks an individual to report on that part of the network with which he or 
she is most familiar. Individual responses can be aggregated to describe the total network. A network 
can be constructed between different members of the firm based on their reported relationships with 
each other. A potential drawback of the technique is that it can miss important interactions that lie 
outside a respondent's frame of inference (Reagons and McEvily 2003). In order to elicit as many 
contactors as possible from respondents, we employed the egocentric technique to collect the 
network data. 
 
As an attempt to control the social desirability bias, we made a confidentiality statement and research 
introduction as the preface of the questionnaire. We (1) stated the purpose of this study and that the 
data gathered was just for non-profit academic research, (2) promised that we would keep all 
individual responses completely confidential, (3) confirmed that our analysis would be restricted to the 
aggregate level that would prevent the identification of any individual or business unit, (4) provided the 
university ethics approval information, (5) arranged an online web-based questionnaire which would 
be managed by the research team instead of the company.   
3.2 Questionnaire 
The connection strength was measured as the average of emotional closeness and communication 
frequency (Goodman 1984; Burt 1992 (cohesion and range)). Both emotional closeness and 
communication frequency questions were adopted from Reagans and McEvily (2003), and then were 
adapted in accord with the feedback from the pilot test. The respondents were asked to “list the name 
959
 
Chen Liang et al. 
of the person you communicated regularly in the last three months on the project and non-project 
related issues” on a seven-point scale (1=once every 3 months or less; 2=once every 2 months; 
3=once every month; 4=2-3 times a month; 5=once a week; 6=2-3 times a week; 7=daily). The 
respondents were also asked to “list the name of the person, with whom you maintain a close 
relationship in the last three months” on a five-point scale (1=more than distant; 2=somewhat close; 
3=close; 4=very close; 5=especially close). In each question we reminded the respondent with the 
sentence “When you are listing the names, please list as many as possible, and they can come from 
within the company or outside (e.g. clients, friends in other organisations, former work colleagues, etc, 
but not family)”.   
 
We also collected the member information of each participating project team, and organization charts 
to identify internal and external connections.  
3.3 Dependent variables 
Project teams were rated by senior managers who have supervised these projects.  Seven 
dimensions of team performance were adopted from Cummings and Cross (2003), they are: (1) 
teamwork, (2) clearly defined problem selection, (3) appropriateness of method used to solve problem, 
(4) innovativeness of remedies used to solve problem, (5) quality of impact from results, (6) 
institutionalization of solution, and (7) clarity of presentation. In addition, the project performance were 
also measured, which includes quality of the completed project, perception and satisfaction of the 
outcome. In the analysis, we will report results for team performance and project performance.  
3.4 Independent variables 
3.4.1 Density of a project team’s internal network 
Density of a team’s internal network is the sum of the valued connection strength in the group divided 
by the total possible sum of connection strengths among all the members in the team (Scott, 2000).  
3.4.2 Structural diversity of a project team’s internal network 
We use Newman’s (2003) assortativity coefficient to measure the structural diversity of a project 
team’s internal network. The assortativity coefficient is calculated as Equation (1). 
2
( )hk h k
hk
q
hk q qe
r σ
−
=
∑
                            (1) 
1
( 1)
k
k
k
z
pq +
+=                                             (2) 
In Equation (1),  is the fraction of connections that link an individual who has  h  friends to an 
individual who has k friends. 
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 is the mean number of friends in the network. The value 
of  lies in the range of − ≤  (Newman 2003). When  is less than zero the network is 
disassortative, namely individuals with more friedns tend to connect to those  with less friends, in this 
case, the network is more structurally diverse and when r  is greater than zero, assortative mixing 
occurs, that is individuals with more friends tend to connect to those with more friends, individuals 
with less friends tend to connect to those with less friends, in this case the network is less structurally 
diverse.  
r 1 r
3.4.3 Number of a project team’s external connections 
The number of a project team’s external connections is measured by group members’ connections 
with other people outside the group. This measure is a simple count: if a group has five members with 
a tie to the same person outside the group, this would be counted the same as if a group’s members 
have five ties to five different persons outside the group (Oh et al. 2004).    
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3.4.4 Diversity of a project team’s external connections   
The diversity of a project team’s external connections is calculated as Equation (3). 
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j is the number of connection types, in this paper, the connection types are  the connections to other 
project teams in the organization, and the connections to external higher positions. For example, 
there are l   project teams and the focal group have connections to external higher positions, then  
is the sum of and1, that is l  . In Equation (4) and (5), is the number of connections of certain 
type i and is the proportion of connections of certain type .  
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3.5 Control variables 
The project control variables are project duration, project team size and budget.  
 
Currently we are collecting the data from the participating organizations 
4. Conclusions 
Social networks play a significant role in the knowledge transfer across projects. Many researchers 
have studied the structure of social networks and its consequences, with more emphasis on the 
groups’ internal social networks. We are still unaware of the interrelation between a group’s internal 
and external social networks, and their effects on the group’s performance. This paper hypothesized 
that the effect of a group’s external social network on the group’s performance is mediated by the 
group’s internal social network, and introduced the corresponding data-collection techniques, 
developed questionnaire, proposed parameters to measure these constructs. Currently, we have 
distributed the survey to the respondents, and are waiting for their response. The potential 
contribution lies in the identification of the interrelations among the group’s internal and external social 
networks and its performance, which brings the implications for the practical management and 
emphasizes that the leader of the group should not only focus on the improvement of interactions with 
external groups, but also focus on improving the internal interactions between group members.  
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